Sustainable development problem involves several conflicting criteria on economy, energy, environment and social aspects and some sources of uncertainty due to its attribute. It is necessary to mitigate risks in sustainable development schedule. However, the existing literature includes limited quantitative research on robust strategies for sustainable development under uncertainty. Under these concerns, this paper presents a robust multi-objective optimization formulation for allocating labor across economic sectors to simultaneously satisfy economy (gross domestic product, GDP), environment (greenhouse gas (GHG) emissions), energy (electricity) and society (labor), in which the per capita GDP, per capita electricity consumption, per capita GHG and per capita rate of unemployment are robust uncertainty. There are three conflicting objectives in our sustainable development problem. The first objective maximizes the sectoral GDP, the second objective minimizes the sectoral electricity consumption and the third objective minimizes the sectoral GHG emissions. We adapt -constraint method to deal with the multiple objectives for the sustainable development problem, and obtain a more flexible result via an interactive decision-making process. Since uncertainty has often led to computationally intractable models, we reformulate the proposed model using robust optimization method into the tractable robust counterpart (RC) forms under two types of uncertainty sets. Finally, to demonstrate the effectiveness and applicability for our model, we conduct a case study for meeting year 2030 sustainable development of the United Arab Emirates (UAE). The numerical results show: (a) the robust multi-objective model is effective in uncertain environment and provides a reliable decision tool than deterministic model for integrated multi-objective sustainable development problem; (b) when the possibility distributions of uncertain parameters are available, fuzzy optimization model can provide better decision-making than robust model under box uncertainty set.
Introduction
Sustainable development over economy, energy, environment and sociology, started in the 1990s for balancing energy-economy-environmental system 2 
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of economy has led to a remarkable rise in energy consumption and environmental pollution level. Economic development increases energy consumption that affects all economic and industrial activities, while the increased energy consumption is the primordial themes impacting any national economy. Furthermore, energy consumption, still mainly dependent on fossil fuels, such as oil, coal, petroleum and natural gas products, contributes to the increase of GHG emissions. At the same time, economic development affects population levels, while rapid population growth has also contributed the level of GHG emissions [34] . Therefore, in order to achieve sustainable development, the relationship between economic growth, energy consumption, environmental pollution and population growth is the key point that country should be concerned about. This is principally because of the enormous implications that this relationship has for policy prescriptions relative to sustainable development. Therefore, countries need to formulate appropriate policies to jointly address the problems of improving economic development, controlling energy consumption, reducing GHG emissions and meeting workforce allocation [18] .
Inevitably, the key factor to the success of sustainable development is to commendably comprehend the interplay between economy, energy, environmental and social aspects simultaneously for finding emergency measures. Jayaraman et al. [18] studied sustainable development on energy-environmenteconomic system by building goal programming model. This paper extends the literature by investigating the multi-objective integer programming model for allocating labor resource to achieve the sustainable development. Our work pays attention to three objectives: maximum GDP growth, minimum electricity consumption and minimum GHG emissions, and models workforce allocation as constraint. In addition, the numbers of employees in each economic sector are chosen as decision variables. Subsequently, the proposed model is applied to key economic sectors of UAE to achieve sustainability related objectives by the year 2030. The results of the model can clearly show the causal relationship between the three objectives in UAE, which can provide a quantitative basis for policy makers and economists' policy planning and regulation. Moreover, the results are also used to study the trade-off between resource allocation among different economic sectors and the impact of long-term investments on energy sustainability.
Policy makers need to face not only uncertain per capita contributions but also the rate of unemployment in strategic planning. Jayaraman et al. [16, 17] considered just sustainable development problem under certain environment. Due to the variety of per capita contribution, there often exist some impreciseness and ambiguousness in acquiring accurate data. Accordingly, policy makers have only access to the estimated values or the nominal value, but not enough to precisely pin down the exact data. At this point, the proposed optimization model in this paper incorporates the uncertainties encountered in optimizing sustainable development, such as per capita GDP, per capita electricity consumption, per capita GHG emissions and the rate of unemployment. In the presence of uncertainty, however, the problem becomes intractable. There exist several ways to treat data uncertainty in optimization, for example, robust optimization with distribution-free property, fuzzy technique and stochastic method. Jayaraman et al. [18, 19] employed stochastic and fuzzy methods to build goal programming models for sustainable development problem, respectively. In this paper, we utilize a relatively novel robust optimization method to address the uncertainty. By combining the aforementioned aspects, our multi-objective model is provided with robust uncertainty depicted with interval. We assume that uncertain parameters are taking value in two refined uncertainty sets parameterized in an affine way. As a result, we can transform the model with uncertainty to computational tractable formulation by deriving robust counterpart. When the possibility distributions of uncertain parameters are available, we leverage fuzzy optimization method for planning the sustainable development problem. This paper contributes to the sustainable development problem in the following four aspects. (i) We propose a new robust multi-objective programming model for planning the sustainable development under uncertainty that involves three conflicting objectives. The first objective maximizes the sectoral GDP. The second objective minimizes the sectoral electricity consumption, and the third objective minimizes the sectoral GHG emissions. (ii) This paper assumes that the rate of unemployment exists within each economic sector in the sustainable development problem, which is obviously in line with the reality. In contrast to the related literature, the rate of unemployment is the first considered in planning the sustainable development problem. (iii) We characterize the per capita GDP, electricity consumption, GHG emissions and the rate of unemployment with robust uncertainty depicted with interval, which is different from the previous related literature. To obtain tractable formulation, we reformulate the proposed model into the equivalent robust counterpart forms under two types of uncertainty sets. (iv) We carry out case study based on the UAE to demonstrate the practicability of the model as well as the effectiveness of the approach. When the possibility distributions of uncertain parameters are available, we validate the fuzzy model and find that it can offer better decision than robust model under box uncertainty set. Further analysis provides the significant justification about studying the trade-off between resource allocation and long-term investments towards sustainability.
The structure of the remaining paper is organised as follows. Section 2 briefly reviews related literature. Section 3 gives the problem statements in detail and builds a robust multi-objective optimization model. Section 4 transforms the proposed model into tractable robust counterpart form. Section 5 conducts a case study based on UAE to verify the effectiveness of the model and approach. Section 6 draws some conclusions and outlines directions for further research.
Literature review
The issue of sustainable development has always been a hot research topic of global nations in recent years. Chapple [11] provided a comprehensive framework on how to plan sustainable cities and regions, and used the case of the San Francisco Bay area as an example, and also provided an extremely interesting attempt to develop a broad conceptualisation of how to plan more sustainable cities and regions. Asif et al. [1] investiged the relationship between economic growth, urbanization, energy consumption, and CO 2 emission in GCC countries. Aznar-Marquez and Ruiz-Tamarit [2] studied economic growth in the presence of two environmental externalities: local and gives account of the marginal damage from the emissions flow and aggregate, or global, and relates to the extreme damage and found and completely characterized the socially optimal equilibrium, which showed that sustained growth is feasible along the balanced path. Jayaraman et al. [16] introduced a weighted goal programming model involving criteria on the economic development, the electricity consumption, the greenhouse gas emissions, and the total number of employees to determine optimal labor allocation across various economic sectors and applied the model to Gulf Cooperation Council Countries. Barreto [6] presented a theoretical framework that incorporates energy within an endogenous growth model considering the interaction and substitution between fossil fuels to reach the steady state where alternative energy production fuels the entire economy. Although the above literatures review the related study of sustainable development without considering uncertainty, some of the more important problems related to sustainability involve uncertainty. Thus, real-world optimization should consider uncertainty and find the method to deal with uncertainty.
Taking uncertainty into consideration, some researchers studied the topic on sustainability. Nomani et al. [27] utilized fuzzy goal programming to analyse environmental, energy and sustainability goals of India by the year 2030 with reference to the key economic sectors of India. Jayaraman et al. [19] studied the sustainable development of UAE by the year 2030 considering economy, population, energy and environment by fuzzy goal programming. Gupta et al. [15] analysed the economic development and sustainable goals on GDP, the electricity consumption and the GHG emissions of India and provides an optimal allocation of resources by building fuzzy goal programming model. Jayaraman et al. [18] utilized stochastic goal programming to consider the sustainable development planning for economic development, energy consumption, GHG emissions and population growth of UAE by the year 2030. Rodriguez-Gonzalez et al. [33] presented a stochastic integrated ecological-economical-social model which includes a crucial social aspect in the sustainability study such as inequity, and analyzed four typical kinds of societies with different levels of development and inequity. For a thorough coverage of development and recent advances in global research on sustainability and sustainable development, the interested reader can refer to Olawumi and Chan [28] . Some of the above literatures on sustainable development mainly considered the uncertainty of goals and used fuzzy or stochastic goal programming method to study the sustainable development. However, the uncertainty of goals is mainly due to the presence of uncertainty about input data. Unlike these documents, this paper assumes that input data including per capita GDP, per capita electricity consumption, per capita GHG emissions and the rate of unemployment are modeled as uncertain parameters.
When the possibility distributions of uncertain input data are available, we study sustainable development problem by fuzzy optimization method. set, pioneered by Zadeh [39] , is a strong tool to deal with subjective uncertainty. Since then, fuzzy theory has been explored in the literature. Liu and Liu [21] presented a novel concept of credibility measure and expected value of fuzzy variable. Qiu and Zhang [31] discussed the properties of symmetric fuzzy numbers, showed an equivalent characterization of convex fuzzy sets, and presented a way to construct a symmetric convex fuzzy set with a convex fuzzy set. Qiu et al. [30] obtained some algebraic proper ties and topological properties of the quotient space of fuzzy numbers with respect to the equivalence relation and introduced a new concept of convergence under which the quotient space was complete. At the same time, fuzzy theory integrated with optimization method has been applied successfully to more and more application-oriented fields [3, 22, 23] . The inclusion of fuzzy uncertainty in the context of sustainable development is a challenging issue in terms of modeling and solution. Although several studies may have considered the related problem, the uncertain parameters considered in those documents are characterized by membership functions, while the uncertain data in our paper are measured by possibility distribution functions and a credibilistic sustainable development model is built.
In reality, the possibility distributions of uncertain model parameters are often not easily known. Under the consideration, this paper studies the sustainable development problem in the presence of uncertainty by a relatively novel method -Robust optimization. Robust optimization, first proposed by Soyster [35] , is a new approach to deal with the programming problems under uncertain input data without the distribution information, which is different from the fuzzy or stochastic method in nature. Ben-Tal and Newmirovsky [7, 8] successively proved that the robust convex formulation of programming problems with uncertainty is tractable when the uncertainty set is described as a box or an ellipsoid. An extension of this method can be referred to the literature [9, 10, 20] . For a thorough coverage of developments and recent advances in robust optimization, the interested reader can refer to [13] . Due to the superiority of robust optimization, robust optimization approach has been applied in many areas, including data envelopment analysis [5] , energy system planning [12] , sustainable energy supply systems [24] , portfolio of R&D projects [36] , single-period inventory problem [14] , p-hub median problem [37] and so on. This implies that robust optimization method in uncertain programming problems can address uncertainty and the computational intractable issue in the modeling process, which motivates us to consider the sustainable development problem over economic development, energy consumption, environment protection and population growth by robust optimization method. In this paper, we take advantage of the robust optimization method to resist the uncertain per capita contributions on GDP, electricity consumption, GHG emissions and the rate of unemployment when these uncertain data take their values in box+ellipsoidal and box+generalized budgeted uncertainty sets.
Robust multi-objective sustainable development model

Problem description
We consider a problem of planning sustainable development. Our problem stems from the increased concern about the relation between energy consumption, global population growth and GHG emissions and the effects on long-run sustainability. The rapid growth of economy requires the massive use of labor resources and energy consumption, in turn leading to high-level pollution. The long-run dynamics of the sustainability criteria offers unique challenges and opportunities to better plan resource allocation. Therefore, we hope to allocate resources (labor) to meet economic growth, reduce GHG emissions and energy consumption in order to achieve sustainable development. Here we take economic sectors as units to allocate labors to simultaneously satisfy GDP growth, electricity consumption, GHG emissions and the number of employees in each economic sector goals necessary to meet an economic sustainability. Therefore, we consider GDP, electricity consumption and GHG emissions as objective functions optimized simultaneously , and the workforce allocation as a constraint satisfying a specified level. Here we consider several economic sectors and following assumptions:
• Objective functions are assumed to be linear:
Each objective is supposed to be linearly dependent on each of decision variables; The same as constraints.
• Rate of unemployment in each sector is considered, which is uncertain prior to decision making.
• Set a specific time period for one year. 
Notations on the sustainable development problem
To formally characterize the sustainable development problem, we first list all symbols and parameters used in the problem formulation, as shown in Table 1 .
Mathematical model
First we give a detailed account of three objectives in our problem.
• The formulation of the total sectorial GDP under resulting optimal resources allocation across whole country in a year is as follows:
where
. . . ; a n (z a )).
• The cumulative quantity F 2 (x, b(z b )) of per capita electricity consumption (in Giga watt hours (Gwh)) across all economic sectors is as follows:
• F 3 (x, c(z c )), the total level of sectorial GHG emissions (in Giga gram equivalent of CO 2 ), is expressed as follows:
The per capita GDP contribution a, per capita electricity consumption b and per capita GHG emissions c are provided with a certain degree of uncertainty. We may not be able to evaluate them accurately, which lead to the uncertainty of the total sectorial GDP F 1 (x, a(z a )), the total sectorial electricity consumption F 2 (x, b(z b )) and the total sectorial GHG emissions F 3 (x, c(z c )).
By introducing auxiliary decision variables F 0 1 , F 0 2 and F 0 3 , the uncertain objectives (1)- (3) can be converted to certain objectives, which are defined in expressions (4)- (9).
Next we introduce the constraints of our optimization problem. Constraint (10) guarantees that for all economic sectors the total employed work force does not exceed t inducing thus an upper bound on the total number of employees, in which
is also uncertain. We impose the constraint (11) to ensure that the worker number x j of each economic sector j ∈ [J] is integer and take into account that for each economic sector j ∈ [J] the employed worker number satisfies the current number of employees per sector, which guarantees the sustainability.
The robust multi-objective sustainable development problem can be modeled as follows: 
which is a multi-objective semi-infinite programming problem.
Model transformation into single objective
In this subsection, we consider transforming this multi-objective programming into a single objective programming. Here we use -constraint method (see [38] ). According to the preferences of policy makers, GDP is considered as the objective of the single-objective programming model. As a result, the multi-objective programming problem can be transformed to the following single-objective programming: (12) where E represents target decrease ratio of total electricity consumption, and G represents target decrease ratio of the total GHG emissions. E max and G max denote the maximum total sectorial electricity consumption and maximum total sectorial GHG emissions, respectively, when the total sectorial GDP is maximum and the energy and environmental effects are not considered.
The model (12) can well resist the uncertainty. However, the model faces the computationally intractable challenge in virtue of the semi-infinite constraints of the model. In order to circumvent this difficulty of the model, our goal now is to built a representation capable of expressing equivalently the semi-infinite linear constraints of the model as a finite system of explicit convex constraints. The outlined strategy allows us to focus on robust optimization method. Robust optimization method can provide the RC of model (12) under uncertainty set, which is a finite computationally tractable system of convex constraints.
Reformulation
In the section, we will reformulate the computationally tractable forms of our robust model (12) under two types of uncertainty sets. The uncertain per capita contributions a, b, c and d in problem (12) are varying in the given uncertainty set parameterized in an affine way by perturbation vector
) varying in given perturbation sets Z i , i ∈ [I]. For instance, constraint (7) can be written as follows:
Similarly, constraints (8)- (10) 
RC model under box+ellipsoidal uncertainty
In this subsection we study the RC model of problem (12) with uncertain per capital contributions a, b, c, d varying in box+ellipsoidal uncertainty set parameterized in an affine way by the following box+ellipsoidal perturbation set:
where σ l > 0 is the given parameter, and i > 0 (i ∈ [I]) is the adjustable safe parameter controlling the size of the uncertainty set.
Theorem 1.
For sustainable development problem (12) , suppose that the uncertain per capital contributions a, b, c, d are parameterized by perturbation vector z i belonging to the box+ellipsoidal perturbation set (13) . Then the RC model of sustainable development problem (12) can be represented by the following system:
C o r r e c t e d P r o o f 
constraint (11) .
Proof. First we build the RC form of constraint (7) on GDP. The perturbation vector z a affecting constraint (7) on GDP belongs to following perturbation set
The conic representation of the perturbation set becomes:
with onedimensional π 1 , π 2 and L-dimensional τ 1 , τ 2 , the inequality (7) becomes the following system of constraints in variables π, τ, x:
For every feasible solution to the system, one have
We can eliminate the variables π 1 , π 2 from this system, and the solution obtained still is feasible when replacing π 1 , π 2 withπ 1 ,π 2 . Based on the above analysis, the reduced system in variables x, r = τ 1 , s = −1 τ 2 reads:
in variables x, r, s, and every feasible solution to this system is feasible for Eq. (7). The above proves that the system (15) is the RC of Eq. (7). Similar to the above derivation process, constraints (8)- (10) with box+ellipsoidal uncertainty set can also be turned into the kind of RC forms.
As a result, the uncertain sustainable development problem (12) can be equivalently transformed into the RC model (14) . (14) with finite constraints is computationally tractable. Moreover, any x satisfying the RC model (14) is a solution of problem (12).
Remark 2. The RC model
RC model under box+generalized budgeted uncertainty
In this subsection we study the RC model of problem (12) with uncertain per capital contributions a, b, c, d varying in box+generalized budgeted uncertainty set parameterized in an affine way by the following box+generalized budgeted perturbation set:
where σ l is the given parameter, and
is the adjustable safe parameter controlling the size of the uncertainty set. 
Proof. This proof is similar to Theorem 1.
Remark 2.
The RC model (17) is also computationally tractable. Every feasible solution to the RC model (17) is feasible for uncertain problem (12).
Case study
In the section, we present a case study about year 2030 sustainability goals of UAE from two perspectives: (a) uncertain per capita contributions are distribution-free; (b) the possibility distribution of uncertain per capita contributions are available. All mathematical models are solved by CPLEX studio1263.win-x86-64 on personal computer (Intel(R) Core(TM) i5-4200M 2.50GHz CPU and RAM 4.00GB).
Data source and analysis
The UAE vision 2021 highlights an ambition to attain a 'competitive and resilient economy' and a 'sustainable environment' [19] . Mokri et al. [26] pointed out that UAE is the world's 10th largest per capita electricity consumer with an average annual increase rate of about 8.8% during the last decade. During the years 2006-2011, the annual increase in the electricity demand in UAE was as high as 10.8%, which was closely followed the trend in annual population growth of 11% during the same period [26] . In addition, 97.5% of electricity generation in the UAE relies on natural gas-powered plants [29] , which naturally leads to the environmental pollution including the production of GHG emissions and other particulate matter. Considering the currently high, yet increasing energy consumption, GHG emissions and population in the UAE, an expected harmonious sustainable development towards economy, environment, energy and population, it is imperative to explore sustainability of the UAE. Accordingly, we find the data on the per capita contributions in several key sectors of the UAE presented in Jayaraman et al. [18] . There are 8 economic sectors identified by Vellinga are considered: (1) agriculture, (2) crude oil, natural gas and quarrying, (3) manufacturing and electricity, (4) construction and real estate, (5) trade and transport, (6) trade and transport, (7) banking and financial corporations and (8) government, social and personal services. According to Jayaraman et al. [18] , the population size t are estimated as 9452000 for 2030 year.
Robust method for sustainable development experiments
In the problem the uncertain per capita con- Table 2 summaries the perturbation of data.
In Table 2 
Computational results
In order to assess the applicability of the proposed model and the approach, 32 test problems in terms of the different sizes of box+ellipsoidal and box+generalized budgeted uncertainty sets and parameter σ l are generated when data variability of uncertain parameters are set to 10% relative to their nominal values and ( E , G ) = (0.25, 0.60). The summary of the results on the test problems for box+ellipsoidal and box+generalized budgeted uncertainty sets are listed in Tables 3 and 4 , Figs. 1-3 .
As can be seen in Tables 3 and 4 , adjusting the value of σ l impacts the numbers of labor allocation x j for each economic sector j. On the one hand, it can be observed the distribution of labor force across 8 economic sectors under box+ellipsoidal uncertainty set. ., σ l =0.1, 0.7) . On the other hand, we can see that the allocation of labor force in each economic sector under box+generalized budgeted uncertainty set. For example, under γ = 4, by manipulating the parameter value σ l for 0.1 and 0.3, x 2 and x 7 are down, x 5 and x 8 go up, while x 1 , x 3 , x 4 and x 6 remain immovability. As a consequence, for each and γ, the x 2 and x 7 decrease and x 5 increases when σ l is decreasing. The fact demonstrates that policy makers can easily adjust the parameter value σ l in order to obtain better allocation of labor force across 8 economic sectors to achieve sustainable development. According to Tables 3 and 4 , it can be also observed that by adjusting the safe parameters and γ, the number of labor allocation for each economic sector are different. For each σ l , if the safe parameter takes its value as 0.5, 1.0, 1.5 and 2.0, respectively, the x 2 and x 7 decrease evidently and x 5 is gradually increasing, while the numbers of other sectors are largely remain unchange. For example, under σ l = 0.1, by altering the safe parameter for 0.5 and 0.1, x 2 decreases from 1999329 to 1988338, x 7 decreases from 363884 to 361191, and x 5 increases from 4082356 to 4197000. In the same case, when the safe parameter γ takes its value as 1.0, 2.0, 3.0 and 4.0, x 2 and x 7 decrease evidently, and x 5 gradually increases, while the numbers of employees in other sectors are largely remain immovability. These imply that policy makers can adjust or γ to better allocate the labor force to achieve sustainable development. By comparing Tables 3 and 4 , it is found that the numbers of labor allocation are different under different uncertainty set. For example, under σ l = 0.5, x 2 are 1807780 and 1808926, respectively, when = 2 and γ = 2. This event similarly happens to σ l = 0.1, 0.3 and 0.7. Based on the analysis, policy makers can choose appropriate uncertainty set on the basis of the situation.
Next the alteration of parameter σ l and the different sizes of box+ellipsoidal and box+generalized budgeted uncertainty sets with respect to the three objective values, respectively, are plotted in Figs. 1-3 , where the left horizontal axis corresponds to parameter σ l , the right horizontal axis corresponds to different levels of uncertainty set and the vertical axis corresponds to the objective value. As expect, the values of GDP, electricity consumption and GHG emissions decrease monotonically by enlarging the Table 5 Model comparison results
Nominal
= 2.5 size of the uncertainty set when parameter σ l is enforced. Moreover, the three objective values are also less at higher parameter σ l under any choice of the level of uncertainty sets. Furthermore, comparing the three objective values under box+ellipsoidal and box+generalized budgeted uncertainty sets when = γ = 2, σ l = 0.5 reveals that the three objective values are less under box+ellipsoidal uncertainty than the values under box+generalized budgeted uncertainty, respectively. These findings appear the impacts of parameter σ l , the different uncertainty sets and its size on GDP, electricity consumption and GHG emissions, which helps policy makers make better decisions.
Model comparison
To evaluate the advantages of the proposed model, some comparison results are obtained in two different environments: deterministic model and robust model. By Table 5 , we can clearly see that the solutions for the deterministic model are a little different from the proposed model in this paper. For x 2 , under = 2.5, σ l = 0.7, the nominal solution 2010432 is higher than robust solution 1795730. The model which includes robustness has substantial optimal decision than the one without uncertainty. This is principally because the uncertainty of parameters profoundly reflects the optimal solution. In other words, the uncertainty of data can not brook being ignored.
In addition, Fig. 4 reports the comparison results of objective GDP under box+ellipsoidal and box+ generalized budgeted uncertainty sets, respectively. It is easily found that robust GDP is smaller than nominal GDP. Not surprisingly, although the robust model incurs lower GDP, the electricity consumption and GHG emissions shown in Table 5 are a little higher than our robust values. That is, our robust model achieves lower electricity consumption and GHG emissions. Therefore, policy makers should be able to formulate a good strategic planning for the sustainable development by 2030 year for UAE.
Sensitivity analysis
In order to recognize the most significant parameters of robust model, several sensitivity analysis are carried out and the impact of parameter alteration on objective GDP is investigated. We perform sensitivity analysis on parameters ( E , G ) and the different data variability of uncertain parameters a, b and c, while d still takes its value in segment [0.98, 1.0] with nominal value 0.99. Here = γ = 2, σ l =0.5. The analysis results are provided in Fig. 5 and Table 6 . Figure 5 depicts the sensitivity of objective GDP to the alteration of the data variability of the uncertain parameters under box+ellipsoidal and box+generalized budgeted uncertainty sets, respectively. The horizontal axis corresponds to the data variability (%) and the vertical axis corresponds to the GDP. It can be inferred that by an increase of data variability, the value of GDP gets significantly decrease for any choice of box+ellipsoidal and box+generalized budgeted uncertainty sets.
The effect of parameters E and G on the objective GDP is shown in Table 6 . It is intuitive that as the E and G become higher, respectively, the GDP is lower. By Table 6 , if the E takes its value 0.1, which corresponds to the ellipsoidal uncertainty set, the optimal objective GDP = 938190 is higher than the value for E = 0.15, 0.20, 0.25, 0.30, 0.35. Since the electricity consumption and GHG emissions decrease as the E and G increase, according to the relation on the three objectives, we find that the results are stand to reason.
Fuzzy method for sustainable development experiments
In this subsection, we study a sustainable development problem by fuzzy optimization method [21, 23] 
where α, β, γ and η ∈ (0, 0.5) are predetermined violation levels. In order to obtain a meaningful solution to the fuzzy sustainable development problem (18), we assume that the per capita contributions a j , b j , c j and d j are characterized by triangular fuzzy variables, i.e., Table 6 Sensitivity of GDP, σ l = 0.5 
where respectively, are Table 9 summarizes the comparison results under case (I), (III) and (VI).
From the computational results, we can clearly observe that the obtained optimal decision of our fuzzy model and the one of robust model under box uncertainty are completely different. For the objective value F 0 1 , we can see that fuzzy objective value is always large than robust objective value, which illustrates that the robust model under box uncertainty is more conservative than the fuzzy model. On the other hand, we choose the optimal solution of robust model under box uncertainty corresponding to the objectives F 0 1 , F 0 2 and F 0 3 , and submit them to the fuzzy optimization model. We find that this solution is always feasible for our fuzzy optimization model, i.e., the solution can ensure the validness of credibility constraints in the fuzzy optimization model. From this observation, we conclude that the obtained optimal solutions to the robust model under box uncertainty set are also the solutions but not the optimal solution for fuzzy model with fixed distributions. Accordingly, if the possibility distributions are available, fuzzy model can be regarded as an improvement of robust model under box uncertainty set, Obviously, fuzzy model can provide more substantial and better decision-making.
Conclusions
In this paper we introduced a robust multiobjective programming model to study the sustainable development over economic development, electricity consumption, GHG emissions and workforce allocation under uncertain environment. Specifically, we allocated labor across economic sectors to simultaneously satisfy GDP growth, electricity consumption, GHG emissions optimization objectives. After that, we utilized -constraint method to transform the multi-objective model into single-objective model. For uncertainty involved in the problem, we assumed that the per capita contribution on sectorial GDP, electricity consumption, GHG emissions and the rate of unemployment were characterized with robust uncertainty. That is, these uncertain parameters were known to belong to the given uncertainty sets. However, it would give rise to an overly conservative or computationally intractable robust model along with poorly uncertainty sets. To address the uncertainty and obtain the tractable model, we derived the proposed model to its robust counterpart forms under box+ellipsoidal and box+generalized budgeted uncertainty sets.
We implemented case study based on the UAE to demonstrate the applicability of the proposed model. The computational results showed a mathematical validation to satisfy conflicting objectives on GDP growth, electricity consumption and GHG emissions to achieve UAE' sustainable development for year 2030. The results indicated that the method yielded good practical efficacy, which were different from previous studies on this topic. Decision makers can commendably make strategic planning and investment allocations towards sustainable development, and can also adjust their parameters according to their preferences through leveraging this method. In addition, the results provided a quantitative decision tool and advice for policy makers on investment and allocation in economic sectors to achieve the sustainability of year 2030. Furthermore, we formulated a fuzzy model for UAE when the possibility distribution of uncertain input data was available.
Future research of this model presented can incorporate additional sustainability criteria on: (i) water resources management and its impact on energyenvironment system, (ii) energy saving, recycling and green energy. The model developed in the case study only analysed 8 sectors across different industries. Hence, it would be another meaningful attempt to extend the model to be able to simulate the energy consumption and GHG emissions for more sectors. For uncertainty, in this paper we characterized uncertain per capita GDP, per capita electricity consumption, per capita GHG emission and the unemployment rate by finite closed interval and valivated a robust model for planning the sustainability of UAE in case study. If the possibility distribution of uncertain input data is available, a credibilistic optimization is a better choose for formulating and solving. For the further work we will suggest to use other fuzzy techniques [3, 4, 22] or stochastic methods to address uncertainty.
